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A new study adds another category of potential harm to the grow-
ing list of potentially hazardous vaping-related exposures: organic
contaminants of bacterial and fungal origin. The study, published
in Environmental Health Perspectives,1 found two markers of mi-
crobial contamination in the e-liquid contents of disposable car-
tridges from first-generation e-cigarettes (or “cigalikes”) and in
refill e-liquids.

The researchers took samples from the e-liquid products with
the highest listed nicotine content sold by the 10 top-selling U.S.
brands, based on 2013 market research data. They tested 2–19
samples from each of the 10 brands, for a total of 75 samples (37
cartridges, 38 refill e-liquids). The team was searching for endo-
toxin (or lipopolysaccharide), part of the outer membrane of
Gram-negative bacteria,2 and for (1 ! 3)-b-D-glucan, a common
fungal cell wall component. Other studies have found evidence
that exposure to either toxin via tobacco smoking may cause
adverse health effects.3

Their results showed endotoxin levels above the limit of
detection (LOD) in 23% of samples; 81% were above the LOD
for glucan. The observed glucan concentrations were more than 3
times higher in cartridge than refill samples and significantly
higher in tobacco- and menthol-flavored than in fruit-flavored
products. For endotoxins, these comparisons were limited by the
small number of samples above the LOD.

“The levels [of toxins] we found are fairly low, relative to
occupational exposures and even tobacco leaves in traditional

cigarettes,” says senior author David Christiani, who is Elkan
Blout Professor of Environmental Genetics at Harvard T.H. Chan
School of Public Health. “But if it turns out that these toxins
remain intact as aerosols, inhaling low levels at high frequency
over a long period of time would generate cumulative exposures
that might pose a human health threat.”

According to Christiani, the main sources of endotoxin expo-
sure are agricultural products with close soil contact, such as cot-
ton, grain, hemp, and tobacco. Long-term exposure, which can
also affect workers in the livestock and dairy industries, has been
associated with chronic lung impairment, asthma, and similar
conditions.4,5,6,7 Christiani has studied endotoxin in a large cohort
of Chinese cotton textile workers since 1981.8

The toxin (1 ! 3)-b-D-glucan is a polymer of glucose in the
cell walls of most fungi, plants, certain bacteria, and algae.9 As
an indicator of human fungal exposure in indoor environments,10

it has been associated with atopic asthma and reduced lung
function.10,11

Because e-cigarette producers do not disclose the sources of
materials in their manufacturing pipeline, researchers can only
speculate about the reasons for the observed microbial contami-
nation. Possible sources include the cotton wicks in cartridges,
tobacco leaves as the origin of natural nicotine, storage containers
for the e-liquids, and the raw materials for producing synthetic
nicotine and flavoring chemicals. Nonsterile manufacturing con-
ditions may compound the problem.

Endotoxin and (1 ! 3)-b-D-glucan are both known respiratory irritants. A new study in EHP was not designed to assess health effects of inhaling these toxins
during e-cigarette use. However, the findings raise the possibility that frequent vaping over a long period could result in potentially harmful cumulative expo-
sures. Image: © Vaper City.
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“This pilot study is a great starting point,” says Terry Gordon,
a professor of environmental medicine at New York University
School of Medicine, who was not involved in the project. “The
key question we need to answer next is whether the toxin con-
centrations are high enough to be of concern when inhaled as
aerosols.”

AnaMaría Rule, an assistant professor of environmental health
and engineering at Johns Hopkins University, who also was not
involved in the study, agrees that an aerosol analysis is the logical
next step. Validating the reported higher prevalence of fungal con-
taminationwill be of particular interest, she notes.

“We should also keep in mind that the susceptibility to micro-
bial toxins varies greatly between individuals,” Rule says. “That
makes it more challenging for federal agencies to set health
standards, but it also means that even low levels of toxins may
affect sensitive groups of e-cigarette users.”

Christiani says his team is currently measuring both toxins in
aerosols and is including JUUL® brand e-cigarettes in this follow-
up analysis. JUUL® products, which have come to dominate the
current U.S. market since their 2015 debut, use a novel e-liquid
formula to deliver a greater amount of nicotine.12 Previously
identified chemicals of concern in e-cigarettes include vaporized
organic chemicals, such as formaldehyde and other alde-
hydes,13,14,15 diacetyl and other flavoring chemicals,16 and toxic
metals transferred from the heating coil to the aerosols.17,18

Christiani acknowledges that e-cigarettes may be a useful
smoking cessation tool for some adults who are struggling with
long-term nicotine addiction. However, he is concerned about the
rapid uptake of e-cigarettes by young people who otherwise might
have avoided tobacco products.19

“Buyer beware: If you don’t vape, don’t start,” he says. “E-
cigarettes generate a complex exposure cocktail whose [potential]
health impact we’re only beginning to understand.”

Silke Schmidt, PhD, writes about science, health, and the environment from
Madison, Wisconsin.

References
1. Lee M, Allen JG, Christiani DC. 2019. Endotoxin and 1!3-β-D-glucan contami-

nation in electronic cigarette products sold in the United States. Environ
Health Perspect 127(4):47008, PMID: 31017484, https://doi.org/10.1289/EHP3469.

2. Bos MP, Tommassen J. 2004. Biogenesis of the Gram-negative bacterial outer
membrane. Curr Opin Microbiol 7(6):610–616, PMID: 15556033, https://doi.org/
10.1016/j.mib.2004.10.011.

3. Pauly JL, Paszkiewicz G. 2011. Cigarette smoke, bacteria, mold, microbial tox-
ins, and chronic lung inflammation. J Oncol 2011:819129, PMID: 21772847,
https://doi.org/10.1155/2011/819129.

4. Basinas I, Sigsgaard T, Kromhout H, Heederik D, Wouters IM, Schlünssen V. 2015.
A comprehensive review of levels and determinants of personal exposure to dust
and endotoxin in livestock farming. J Expo Sci Environ Epidemiol 25(2):123–137,
PMID: 24280684, https://doi.org/10.1038/jes.2013.83.

5. Carnes MU, Hoppin JA, Metwali N, Wyss AB, Hankinson JL, O’Connell EL, et al.
2017. House dust endotoxin levels are associated with adult asthma in a U.S.
farming population. Annals ATS 14(3):324–331, PMID: 27977294, https://doi.org/
10.1513/AnnalsATS.201611-861OC.

6. Donham KJ. 2010. Community and occupational health concerns in pork produc-
tion: a review. J Anim Sci 88(Suppl 13):E102–E111, PMID: 20154166, https://doi.org/
10.2527/jas.2009-2554.

7. Lai PS, Fresco JM, Pinilla MA, Macias AA, Brown RD, Englert JA, et al. 2012.
Chronic endotoxin exposure produces airflow obstruction and lung dendritic
cell expansion. Am J Respir Cell Mol Biol 47(2):209–217, PMID: 22517795,
https://doi.org/10.1165/rcmb.2011-0447OC.

8. Lai PS, Hang J-Q, Valeri L, Zhang F-Y, Zheng B-Y, Mehta AJ, et al. 2015.
Endotoxin and gender modify lung function recovery after occupational or-
ganic dust exposure: a 30-year study. Occup Environ Med 72(8):546–552, PMID:
25666844, https://doi.org/10.1136/oemed-2014-102579.

9. Douwes J. 2005. 1!3-β-D-glucans and respiratory health: a review of the sci-
entific evidence. Indoor Air 15(3):160–169, PMID: 15865616, https://doi.org/10.
1111/j.1600-0668.2005.00333.x.

10. Iossifova Y, Reponen T, Sucharew H, Succop P, Vesper S. 2008. Use of (1-3)-β-
D-glucan concentrations in dust as a surrogate method for estimating specific
fungal exposures. Indoor Air 18(3):225–232, PMID: 18429996, https://doi.org/10.
1111/j.1600-0668.2008.00526.x.

11. Maheswaran D, Zeng Y, Chan-Yeung M, Scott J, Osornio-Vargas A, Becker
AB, et al. 2014. Exposure to Beta-(1,3)-D-glucan in house dust at age 7–10 is
associated with airway hyperresponsiveness and atopic asthma by age 11–14.
PLoS One 9(6):e98878, PMID: 24905346, https://doi.org/10.1371/journal.pone.
0098878.

12. Jackler RK, Ramamurthi D. 2019. Nicotine arms race: JUUL and the high-
nicotine product market. Tob Control [E-pub ahead of print: 06 February 2019],
PMID: 30733312, https://doi.org/10.1136/tobaccocontrol-2018-054796.

13. Goniewicz ML, Knysak J, Gawron M, Kosmider L, Sobczak A, Kurek J, et al.
2014. Levels of selected carcinogens and toxicants in vapour from electronic
cigarettes. Tob Control 23(2):133–139, PMID: 23467656, https://doi.org/10.1136/
tobaccocontrol-2012-050859.

14. Jensen RP, Luo W, Pankow JF, Strongin RM, Peyton DH. 2015. Hidden formal-
dehyde in e-cigarette aerosols. N Engl J Med 372(4):392–394, PMID: 25607446,
https://doi.org/10.1056/NEJMc1413069.

15. Lee MS, LeBouf RF, Son YS, Koutrakis P, Christiani DC. 2017. Nicotine, aerosol
particles, carbonyls, and volatile organic compounds in tobacco- and menthol-
flavored e-cigarettes. Environ Health 16(1):42, PMID: 28449666, https://doi.org/
10.1186/s12940-017-0249-x.

16. Allen JG, Flanigan SS, LeBlanc M, Vallarino J, MacNaughton P, Stewart JH,
et al. 2016. Flavoring chemicals in e-cigarettes: diacetyl, 2,3-pentanedione, and
acetoin in a sample of 51 products, including fruit-, candy-, and cocktail-
flavored e-cigarettes. Environ Health Perspect 124(6):733–739, PMID: 26642857,
https://doi.org/10.1289/ehp.1510185.

17. Williams M, Villarreal A, Bozhilov K, Lin S, Talbot P. 2013. Metal and silicate
particles including nanoparticles are present in electronic cigarette cartomizer
fluid and aerosol. PLoS One 8(3):e57987, PMID: 23526962, https://doi.org/10.
1371/journal.pone.0057987.

18. Olmedo P, Goessler W, Tanda S, Grau-Perez M, Jarmul S, Aherrera A, et al.
2018. Metal concentrations in e-cigarette liquid and aerosol samples: the con-
tribution of metallic coils. Environ Health Perspect 126(2):027010, PMID:
29467105, https://doi.org/10.1289/EHP2175.

19. Gentzke AS, Creamer M, Cullen KA, Ambrose BK, Willis G, Jamal A, et al. 2019.
Vital signs: tobacco product use among middle and high school students—
United States, 2011–2018. MMWR Morb Mortal Wkly Rep 68(6):157–164, PMID:
30763302, https://doi.org/10.15585/mmwr.mm6806e1.

Environmental Health Perspectives 094001-2 127(9) September 2019

https://www.ncbi.nlm.nih.gov/pubmed/31017484
https://doi.org/10.1289/EHP3469
https://www.ncbi.nlm.nih.gov/pubmed/15556033
https://doi.org/10.1016/j.mib.2004.10.011
https://doi.org/10.1016/j.mib.2004.10.011
https://www.ncbi.nlm.nih.gov/pubmed/21772847
https://doi.org/10.1155/2011/819129
https://www.ncbi.nlm.nih.gov/pubmed/24280684
https://doi.org/10.1038/jes.2013.83
https://www.ncbi.nlm.nih.gov/pubmed/27977294
https://doi.org/10.1513/AnnalsATS.201611-861OC
https://doi.org/10.1513/AnnalsATS.201611-861OC
https://www.ncbi.nlm.nih.gov/pubmed/20154166
https://doi.org/10.2527/jas.2009-2554
https://doi.org/10.2527/jas.2009-2554
https://www.ncbi.nlm.nih.gov/pubmed/22517795
https://doi.org/10.1165/rcmb.2011-0447OC
https://www.ncbi.nlm.nih.gov/pubmed/25666844
https://doi.org/10.1136/oemed-2014-102579
https://www.ncbi.nlm.nih.gov/pubmed/15865616
https://doi.org/10.1111/j.1600-0668.2005.00333.x
https://doi.org/10.1111/j.1600-0668.2005.00333.x
https://www.ncbi.nlm.nih.gov/pubmed/18429996
https://doi.org/10.1111/j.1600-0668.2008.00526.x
https://doi.org/10.1111/j.1600-0668.2008.00526.x
https://www.ncbi.nlm.nih.gov/pubmed/24905346
https://doi.org/10.1371/journal.pone.0098878
https://doi.org/10.1371/journal.pone.0098878
https://www.ncbi.nlm.nih.gov/pubmed/30733312
https://doi.org/10.1136/tobaccocontrol-2018-054796
https://www.ncbi.nlm.nih.gov/pubmed/23467656
https://doi.org/10.1136/tobaccocontrol-2012-050859
https://doi.org/10.1136/tobaccocontrol-2012-050859
https://www.ncbi.nlm.nih.gov/pubmed/25607446
https://doi.org/10.1056/NEJMc1413069
https://www.ncbi.nlm.nih.gov/pubmed/28449666
https://doi.org/10.1186/s12940-017-0249-x
https://doi.org/10.1186/s12940-017-0249-x
https://www.ncbi.nlm.nih.gov/pubmed/26642857
https://doi.org/10.1289/ehp.1510185
https://www.ncbi.nlm.nih.gov/pubmed/23526962
https://doi.org/10.1371/journal.pone.0057987
https://doi.org/10.1371/journal.pone.0057987
https://www.ncbi.nlm.nih.gov/pubmed/29467105
https://doi.org/10.1289/EHP2175
https://www.ncbi.nlm.nih.gov/pubmed/30763302
https://doi.org/10.15585/mmwr.mm6806e1

	Microbial Toxins in E-Liquid: A Potential New Vaping-Related Exposure to Explore
	References


